the qualitative composition, numerical abundance and seasonal distribution of microzooplankton in the São Sebastião channel were studied in different seasonal periods. Data are presented for 43 protozoa, 4 rotifer and 30 copepod nauplii specimens. tintinnids represented the most abundant group within the microzooplankton community, with 31 species recorded, among which Amphorellopsis acuta, Codonellopsis morchella, Eutintinnus tenuis, Favella ehrenbergii, Leprotintinnus nodqvisti, Tintinnopsis buetschlil, T. lobiancoi and T. radix stood out, followed in abundance by copepod nauplii. our findings indicated that water masses play a fundamental role in the seasonal composition of microzooplankton assemblages in the São Sebastião channel.
INTRODUCTION
the ecological importance of microzooplankton in the pelagic food webs of the world's oceans has long been recognized. these organisms often constitute a significant component of the plankton community in many marine environments (relevante et al., 1985 (relevante et al., , Burkill et al., 1987 . microzooplankton has long been thought to be a major consumer of smaller particles unavailable to meso-and macrozooplankton (linley et al., 1983, gifford, 1991) . microzooplankton also acts as a significant food source for a variety of invertebrate and vertebrate predators (fenchel, 1987; Stoecker & egloff, 1987; godhantaraman 2001 , 2002 godhantaraman & Uye, 2001) . thus, microzooplankton is an important link in transferring pico-and nanoplankton production to higher trophic levels.
Despite abundant evidence of the importance of microzooplankton in marine pelagic food webs, little is known about their density composition and temporal distribution in Brazilian coastal waters (pompeu, 1998) . most studies undertaken to date have approached mainly the aspects of taxonomy and biogeography of the species (Balech, 1971; Sassi & melo, 1989; nogueira-paranhos, 1990; fernandes, 2004 a and b) . the present study purported to examine microzooplankton abundance and temporal dynamics in the São Sebastião channel (SSc), thereby contributing toward an understanding of how the channel's oceanographic features influence the patterns observed.
STUDY AREA
the São Sebastião channel (SSc) lies along the northeast coast of the state of São paulo (from 23° 41' S -45° 10' W to 23° 53' S -45° 30' W) and is delimited by the slopes of the Serra do mar on the west and by São Sebastião island on the east. the funnel-shaped channel describes a broad curve along its 25 km of extension, with the narrowest portion (2 km wide) in the center, broadening to 7.2 km at the southern entrance and to 5.6 km at the northern entrance. the depths along this longitudinal axis range from around 20 m at the entrances to up to 50 m in the inner portion. Water temperature and salinity were found to vary annually between 18-25 °c and 35-37‰, respectively. total chlorophyll (chl-a + phaeopigments) averaged 4.3 mg chl-a m -3 and varied annually from 0.16 to 6.42 mg chl-a m -3 (gianesella-galvão et al., 1997) . the temperature in the region is moderately high year round, with a monthly average ranging from 19.5 °c in winter to 25.5 °c in summer. annual precipitation oscillates between 1,500 and 2,000 mm, with the dry period occurring from june to august and the rainy period from january to march.
MATERIAL AND METHODS
Sampling was carried out every three months, from january 1996 to july 1997 and in july 1998 and january 1999, at two stations in the SSc ( fig. 1) . Sampling point i (p i) was located in the middle of the channel and point ii (p ii) in an inner portion of the channel influenced by coastal drainage, mainly from the waters of the outeiro Stream. Surface water samples for microzooplankton analyses were collected with a Van Dorn bottle (10 l). Subsamples (300 ml) were immediately preserved in 1% formalin plus glutaraldehyde seawater solution and kept refrigerated until microscopic examination.
organisms were counted under an inverted microscope at magnifications of 100x and 400x. microzooplankton was assigned to eight taxonomic groups, i.e., heliozoa, radiolaria, testacea, foraminifera, tintinnida, naked ciliates (according to Souto, 1981; linn et al., 1991; alder, 1999; Boltovskoy, 1999; petz, 1999) , rotifera (koste, 1978) and copepod nauplii (Björnberg et al., 1994) . to record the thermohaline characteristics of the water column, samples were collected at 2-m intervals from the surface to the bottom using Van Dorn bottle. Water temperature measurements were made with the help of an ordinary thermometer. records of salinity were obtained using an optical refractometer. fig. 2 shows seasonal and spatial variations in temperature and salinity. Water temperature ranged from 18 °c in jul 97 to 28 °c in jan 96, jan 97 and jan 99. thermocline was recorded frequently at 10 meters at p i and seven meters at p ii. Salinity, which varied from 31 to 36‰, was much lower at p ii. the lowest salinity values were recorded in january due to the local rainy season. p i and p ii showed an increasing trend for differences in both surface salinity and vertical salinity. the annual average salinity at the surface was 34‰ at p i and 31‰ at p ii. found to occur in the SSc: one during summer and another in winter (values higher than 80 org.l -1 ). During the other annual periods, microzooplankton abundance was usually lower than 20 org.l -1 . the spatial distribution of microzooplankton in the SSc was quite similar at the two sampling points except for coastal copepod nauplii at p ii, where a higher abundance of organisms such as Acartia lilljeborgi and Euterpina acutifrons was observed. the abundance of rotifer specimens was also considerably higher at sampling point ii.
RESULTS

Environmental variables
protozoans, particularly tintinnids, were extremely abundant during summer and winter, and the same pattern was observed for copepod nauplii. rotifers showed a random annual distribution. over the study period, tintinnids predominated (overall mean of 52%), followed by copepod nauplii (43.2%) and rotifers (12%). compared with these organisms, the abundance of naked ciliates was significantly lower (< 6%) ( fig. 4) . a total of 31 tintinnid species representing twelve genera were identified. Species of the genus Tintinnopsis (T. campanula, T. lobiancoi, T. radix), in addition to Amphorellopsis acuta, Codonellopsis morchella, Eutintinnus tenuis, Favella ehrenbergii and Leprotintinnus nordqvisti, were particularly abundant, accounting, on average, for > 60% of the total tintinnid abundance.
Sticholonche zanclea, the single protozoa species, occurred during nearly all the seasonal periods in the SSc, attaining significant densities in winter. radiolarians were rare in the SSc and contributed very little to total microzooplankton densities (table 1) . ) of copepod nauplii were observed were narrower ranges of temperature (17-23 °c) and salinity (31-35‰). rotifers were also restricted to combinations of narrow temperature (19-23 °c) and salinity (31-33‰) ranges. the influence of temperature and/or salinity was analyzed for 6 tintinnid species whose maximum concentrations reached > 100 org.l -1 (fig. 6 ). most tintinnid species occurred on a distinctly seasonal basis. Amphorellopsis acuta, Eutintinnus tenuis and Favella ehrenbergi occurred in conditions of high temperature and salinity, while Tintinnopsis campanula, T. lobiancoi and T. radix were thermophilic, occurring primarily at temperatures of < 25 °c.
DISCUSSION
Distribution patterns for microzooplankton density and species composition in the SSc were similar to those reported for tropical coastal waters (Dolan & coats, 1990; Buskey, 1993; Verity, 1987; godhantaram, 2001 ). microzooplankton density is strongly affected by predation pressure, because microzooplankton is consumed by mesozooplankton and macrozooplankton (porter et al., 1985; Stoecker & govoni, 1984) . on the other hand, high densities of meso and macrozooplankton seem to enhance bacterial production and possibly also picoalgal growth, benefiting microzooplankton growth (kivi et al., 1996) . in the SSc, high values of meso-and macrozooplankton, which may represent an important element in the control of microzooplanktonic density, were reported by De la rocha (1998) and gianesella-galvão et al., (1997) . in general, and particularly in tropical waters, the microzooplankton distribution and abundance varies considerably due to seasonal environmental fluctuations (godhantaram, 2002) . two seasonal peaks of microzooplankton abundance were found to occur in the SSc: one peak in summer and another in winter. Very peculiar oceanographic conditions occur in the SSc, which is under the domain of three distinct water masses: the coastal Waters (cW -t > 20 °c; S < 35‰), the South atlantic central Waters (SacW -t < 20 °c; S > 35‰) and the tropical Waters (tW -t > 20 °c; S > 36‰). in the SSc, the influence of cW is particularly evident. in summer, due to the coastal upwelling phenomenon in the region between cabo frio and ilha grande (rio de janeiro State), SacW intrudes into the SSc, causing a marked drop in water temperature and enrichment by nutrients, with an increase in the primary and secondary production (aidar et al., 1993) . the higher densities of microzooplankton, particularly tintinnids, in summer may be attributed to a combination of temperature and salinity conditions and chlorophyll-a concentrations, which are often considered the most important factors in the acceleration of their growth rate (relevante & gilmartin, 1983; Sanders, 1987) . in winter, with the underwelling of the SacW, the phytoplanktonic populations associated with oligotrophic water masses predominate in the SSc, especially nanoplanktonic phytoflagellates, which are largely consumed by the microzooplankton (pierce & turner, 1992) . thus, it may be concluded that the water masses play a crucial role in the seasonal dynamics of microzooplankton assemblages in the São Sebastião channel. most tintinnid species appeared on a remarkably seasonal basis, with the eurythermal species Amphorellopsis acuta, Eutintinnus tenuis and Favella ehrenbergii standing out in particular. the winter peak was attributed mainly to Tintinnopsis campanula, T. lobiancoi and T. radix, indicating their thermophilic nature.
Sticholonche zanclea was also a protozoan with very significant densities in the SSc, occurring during all the seasons, and was thus considered a resident species of the area. further studies on the spatial distribution and temporal dynamics of this protozoan should be conducted, since this species seems to play a crucial role in the trophic planktonic structure of the SSc, as a food item largely consumed by the local meso-and macrozooplanktonic assemblages (eskinazi-Sant'anna, 2000) . naked ciliates showed very low abundance rates in the present study, contrasting with the pattern usually described for tropical coastal waters (leakey et al., 1992; pierce & turner, 1993) . although the methodological approach in the present investigation is adequate for the quantitative study of naked ciliates, further studies are necessary in order to better describe the quantitative pattern of naked ciliates in the SSc. the occurrence of rotifers and some nauplii of coastal copepod species like Acartia lilljeborgi and Oithona oswaldocruzi was more marked at point ii, indicating the preference of these organisms for lower salinity. lower salinity values at sampling point ii indicate the influence of continental waters in this coastal region of the SSc. however, the composition of the microzooplanktonic assemblages did not exhibit significant spatial differences between point i and ii, with coastal-marine species being the most abundant in both points.
one of the characteristic features in this study was the relatively large contribution of copepod nauplii, which was attributed to high concentrations of older stages of copepods in the SSc (eskinazi-Sant'anna, 2000) . according to Björnberg (1986) , copepod nauplii are usually underestimated due to methodological difficulties and morphotype identification. however, when appropriately analyzed, copepod nauplii can surpass, in terms of density, the copepodite and adult forms, and be considered a crucial intermediary between the classical food web and the microbial web (roff et al., 1995) .
given the short generation times of microzooplankton, they can respond rapidly to changes in food availability and have a significant impact on phytoplankton through grazing. estimates of the grazing impact of microzooplankton on phytoplankton range from 5 to 100% (gifford, 1988; capriulo et al., 1991) . although no direct measurement was taken of microzooplankton grazing rates, given their abundance and the fact that most of the chlorophyll and primary production in the SSc is in the nanoplankton (gaeta et al., 1995) , microzooplankton must play a critical role in secondary production of the water column in the SSc.
